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PPVHF WKDQ WKH WUHDWHGFRPSRVLWHV8QWUHDWHGFRPSRVLWHV KDYH ORRVH ERQGLQJVRIODPHFDQSURSDJDWHHDVLO\DQG
LPPHQVHO\
7KHSXUSRVHRIWKLVW\SHRIH[SHULPHQWLVWRSURYLGHPRUHTXDOLWDWLYHREVHUYDWLRQVRIS\URO\VLVDQGIODPHVSUHDG
DV UHSRUWHG E\0:&KDLHW DO 6DQMLY$URUD HWDOZRUNHGRQ WKHIRUPDWLRQRI LQWHUPROHFXODUK\GURJHQERQGLQJ
EHWZHHQK\GUR[\O JURXSV LQ WUHDWHG FRPSRVLWHV ZKLFK DUH WKHUPDOO\PRUH VWDEOH 7DEOH VKRZV WKHHIIHFWRI WKH
DONDOLQH WUHDWPHQW RQ WKH ILUH SHUIRUPDQFH RI WUHDWHG DQG XQWUHDWHG FRPSRVLWHV $ONDOLQH WUHDWPHQW RQ WKH ILEHUV
LQFUHDVHV WKHPHOWLQJ WHPSHUDWXUHRIWKHFRPSRXQGDQGUHGXFHV WKHKHDWRI IXVLRQ $QGLW LVSURYHGWKDWFKHPLFDO
WUHDWPHQWRQFRPSRVLWHVHQKDQFHVIODPPDELOLW\SURSHUW\DVUHSRUWHGE\ (<,VKLGL HWDO
)LJXUH&RPSDULVRQRI PDVVORVVUDWHIRU
XQWUHDWHGDQGWUHDWHGFRPSRVLWHVUDWH
)LJXUH&RPSDULVRQRIIODPH SURSDJDWLRQIRU
XQWUHDWHGDQGWUHDWHGFRPSRVLWHVUDWH
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 8/+%7HVW
7DEOH+RUL]RQWDOWHVWUHVXOWVIRUWUHDWHGDQGXQWUHDWHGFRPSRVLWHV
7\SHRI&RPSRVLWHV ,QLWLDOZHLJKWJPV )LQDOZHLJKWJPV
7LPH
VHF
)ODPHWUDYHOPP
7UHDWHG
   
   
   
8QWUHDWHG
   
   
   
&RPSDULVRQRIPDVVORVVUDWHRIXQWUHDWHGDQGWUHDWHG &/6 ILEHUFRPSRVLWHV LVVKRZQLQWKHDERYH)LJ)URP
ILJXUH LW LV HYLGHQW WKDWXQWUHDWHGFRPSRVLWHV DUHKDYH KLJKPDVVORVVUDWHLQJPVVHF WKDQ WKH WUHDWHGFRPSRVLWHV
7KHILEUHVSURYLGHSDUWLDOSURWHFWLRQWRLJQLWLRQDFWLQJDVDKHDWVLQNDVZHOODVDSK\VLFDOEDUULHUWRWKHKHDWVRXUFH
7KHIOD[ILEUHVRQWKHRWKHUKDQGDUHWKHPVHOYHVVXVFHSWLEOHWRLJQLWLRQDQGFRPEXVWLRQ
$VVKRZQLQWDEOH WKHWLPHWRIODPHH[WLQJXLVKPHQWZDVDOVRORQJHUIRUWKHILEUHUHLQIRUFHGVDPSOHVGHVSLWH
DSSHDULQJ WREXUQPRUHYLJRURXVO\YLVXDOO\ 7KHDERYH)LJ  VKRZV WKHFRPSDULVRQRI IODPHSURSDJDWLRQUDWHRI
XQWUHDWHGDQGWUHDWHG &/6 ILEHUFRPSRVLWHV )URPWKHJUDSKLWLVFOHDUWKDWWKHWUHDWHGFRPSRVLWHPDWHULDOV KDYH OHVV
IODPHSURSDJDWLRQUDWHLQPPVHFWKDQWKHXQWUHDWHGFRPSRVLWHV7KLVLV GXHWRWKH JRRG DGKHVLRQ EHWZHHQILEHUDQG
PDWUL[ LQWKH &/6ILEHU WUHDWHGFRPSRVLWHV 7KLVJLYHVEHWWHUERQGLQJDQG IODPHFDQQRWSURSDJDWHHDVLO\ WKXV IODPH
WUDYHOLVOHVVLQWUHDWHGFRPSRVLWH+HQFHIODPHSURSDJDWLRQUDWH ZDV OHVVLQWUHDWHGFRPSRVLWHV DVUHSRUWHG E\ 0:
&KDLHWDO
)LJXUH&RPSDULVRQRIIODPH SURSDJDWLRQIRU
XQWUHDWHGDQGWUHDWHGFRPSRVLWHVUDWH
)LJXUH&RPSDULVRQRI PDVVORVVUDWHIRU
XQWUHDWHGDQGWUHDWHGFRPSRVLWHVUDWH
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/LPLWHG2[\JHQ,QGH[ 7HVW
7KH /2, ZDV PHDVXUHG IRU &/6 XQWUHDWHG DQG WUHDWHG FRPSRVLWHV 7KH /2, WHVW UHVXOWV IRXQG WKDW WKH
XQWUHDWHG FRPSRVLWHV ZHUH  DQG  IRU WUHDWHG FRPSRVLWHV 7KXV WUHDWHG FRPSRVLWHV KDYH KLJKHU
IODPPDELOLW\DVLW UHTXLUHVPRUHR[\JHQWKDQXQWUHDWHGFRPSRVLWHVWREXUQ$WLNDK,VPDLOHWDOVWXGLHGDQGUHYHDOHG
WKDWKLJKHUR[\JHQFRQWHQWZDVUHTXLUHG WR LQLWLDWHDQGVXVWDLQFRPEXVWLRQRI WKHVDPSOHV=KHQ;LX=KDQJHWDO
ZRUNHG RQ WKHVH IODPH UHWDUGDQWV IRU ZRRG FHOOXORVH 'LIIHUHQW FHOO ZDOO SRO\PHUV RI OLJQRFHOOXORVLF ILEUHV KDYH
GLIIHUHQW LQIOXHQFH RQ WKHLU SURSHUWLHV DQG GHJUDGDELOLW\:DWHU HQKDQFHV UDWH RI GHJUDGDWLRQ WKURXJK VZHOOLQJ RI
ILEUHDQGWKLVOHDGVWRIXUWKHUOLJKWSHQHWUDWLRQ :HDWKHUHG FKHPLFDOO\WUHDWHGFRPSRVLWHVVKRZDUHODWLYHO\JUHDWHU
H[WHQWRIGHFUHDVHLQWHQVLOH VWUHQJWKZKLFKSURYHVWKDWWUHDWHGFRPSRVLWHVXQGHUJRPRUHGHJUDGDWLRQFRPSDUHGWR
XQWUHDWHGFRPSRVLWHV ZDVVWXGLHGE\=1$]ZDHWDO
&RQFOXVLRQV
,Q WKHSUHVHQW H[SHULPHQWDOZRUN XQWUHDWHG DQG WUHDWHG&/6 ILEHU UHLQIRUFHGSKHQRO IRUPDOGHK\GH UHVLQ ZHUH
WHVWHG DQG DQDO\]HG IRU )ODPPDELOLW\ 7KHPDVV ORVV UDWH DQG IODPH SURSDJDWLRQ UDWH RI WUHDWHG FRPSRVLWHV KDYH
EHHQGHFUHDVHGDQGUHVLVWDQFHWRIODPHRUILUHKDYHEHHQLQFUHDVHGLQERWK8/9DQG8/+%WHVWV5HGXFWLRQLQ
EXUQLQJUDWHKDGLQFUHDVHGWKHUPDOVWDELOLW\RIWKHWUHDWHGFRPSRVLWHV,Q/LPLWLQJR[\JHQLQGH[WHVWDONDOLWUHDWHG
FRPSRVLWHV UHTXLUHVPRUHR[\JHQ WKDQXQWUHDWHGFRPSRVLWHPDWHULDO WREXUQ0RLVWXUHDEVRUSWLRQFDQEH UHGXFHG
WKURXJK ILEUH PRGLILFDWLRQV VXFK DV DONDOL]DWLRQ 3RRU DGKHVLRQ EHWZHHQ ILEUH SDUWLFOHV DQG SRO\PHU PDWUL[
JHQHUDWHVYRLGVSDFHVDURXQGWKHILEUHSDUWLFOHV+HQFHWUHDWPHQWRI&/6ILEHUVZLOOLPSURYHWKHIODPPDELOLW\RI WKH
FRPSRVLWHPDWHULDOLQGLFDWLQJWKDWPDWHULDOVKDYHSURPLVLQJDSSOLFDWLRQVLQFRQVWUXFWLRQDQGGHFRUDWLYHSXUSRVHV
5HIHUHQFHV
$O+DVVDQ\=*HQRYHVH$6KDQNV5$)LUHUHWDUGDQWDQGILUHEDUULHUSRO\YLQ\ODFHWDWHFRPSRVLWHVIRUVHDODQW DSSOLFDWLRQ([SUHVV
3RO\PHU/HWWHUV±
$WLNDK ,VPDLO $]PDQ+DVVDQ $]QL]DP$EX %DNDU -DZDLG 0  )ODPH 5HWDUGDQF\ DQG 0HFKDQLFDO 3URSHUWLHV RI .HQDI )LOOHG
3RO\SURS\OHQH33&RQWDLQLQJ$PPRQLXP3RO\SKRVSKDWH$33 6DLQV0DOD\VLDQD±
$]ZD=1<RXVLI%)0DQDOR$&.DUXQDVHQD: $5HYLHZ RQ WKH'HJUDGDELOLW\ RI 3RO\PHULF&RPSRVLWHV%DVHG RQ1DWXUDO
)LEUHV 0DWHULDOV	'HVLJQ ±
%KDUDWK .1 %DVDYDUDMDSSD 6  ³7KHUPDO 'HJUDGDWLRQ RI 1DWXUDOO\ :RYHQ )DEULF 5HLQIRUFHG 3KHQRO )RUPDOGHK\GH EDVHG %LR
&RPSRVLWHV´)RXUWK,QWHUQDWLRQDO&RQIHUHQFHRQ5HFHQW$GYDQFHVLQ&RPSRVLWH0DWHULDOV*RD,QGLD
&KDL0: %LFNHUWRQ 6 %KDWWDFKDU\\D ' 'DV 5  ,QIOXHQFH RI QDWXUDO ILEUH UHLQIRUFHPHQWV RQ WKH IODPPDELOLW\ RI ELRGHULYHG
FRPSRVLWHPDWHULDOV&RPSRVLWHV3DUW%±
&KDSSOH6$QDQGMLZDOD5)ODPPDELOLW\RI1DWXUDO)LEHUUHLQIRUFHG&RPSRVLWHVDQG6WUDWHJLHVIRU)LUH5HWDUGDQF\$5HYLHZ-RXUQDO
RI7KHUPRSODVWLF&RPSRVLWH0DWHULDOV  ± 
,VKLGL (< $GDPX ,.  .RODZDOH (* 6XQPRQX .2 <DNXEX 0.  )ODPPDELOLW\ DQG 7KHUPDO &KDUDFWHULVWLFV RI $ONDOLQH
$TXHRXV6ROXWLRQ7UHDWHG*URXQGQXW6KHOO±+'3(&RPSRVLWHV-RXUQDORI7KHUPRSODVWLF&RPSRVLWH0DWHULDOV ± 
-XQ<RXQJ-DQJ7DH.\HRQJ-HRQJ+ZD-LQ2K-DH5\RXQ<RXQ<RXQJ6HRN6RQJ7KHUPDOVWDELOLW\DQGIODPPDELOLW\RIFRFRQXWILEHU
UHLQIRUFHGSRO\ODFWLFDFLGFRPSRVLWHV&RPSRVLWHV3DUW%±
1JDNDQ 3XWX*HGH 6XDUGDQD0LQ 6HXFN.X -DH.\RR /LP  (IIHFWV RI GLDPPRQLXPSKRVSKDWH RQ WKH IODPPDELOLW\ DQGPHFKDQLFDO
SURSHUWLHVRIELRFRPSRVLWHV0DWHULDOVDQG'HVLJQ±
1LUDQMDQD3UDEKX7'HPDSSD7+DULVK93UDVKDQWKD.0HFKDQLFDOWKHUPDODQG IODPHUHWDUGDQWSURSHUWLHVRIHSR[\Q\ORQIDEULF
FOD\K\EULGODPLQDWHV+LJK3HUIRUPDQFH3RO\PHUV ± 
1LWLQDW6XSSDNDUQ.DVDPD-DUXNXPMRUQ0HFKDQLFDOSURSHUWLHVDQGIODPPDELOLW\RIVLVDO33FRPSRVLWHV(IIHFWRIIODPHUHWDUGDQWW\SH
DQG FRQWHQW&RPSRVLWHV3DUW%±
3DQ0LQJ]KX/LDQ+DLODQDQG0HL&KDQJWRQJ )ODPPDELOLW\RI QDQR VLOLFRQGLR[LGH±ZRRG ILEHU±SRO\HWK\OHQH FRPSRVLWHV -RXUQDO RI
&RPSRVLWH0DWHULDOV±
3HQJ&KHQ-LQKXD6XQ;XHFKDR+H%HKDYLRURI)ODPH6SUHDG'RZQZDUGRYHU7KLFN:RRG6KHHWVDQG+HDW7UDQVIHU$QDO\VLV-RXUQDO
RI)LUH6FLHQFHV ± 
6DQMLY$URUD0DKHQGHU.XPDU0DKHVK.XPDU)ODPPDELOLW\DQGWKHUPDOGHJUDGDWLRQVWXGLHVRI39$ULFHKXVNFRPSRVLWHV-RXUQDORI
5HLQIRUFHG3ODVWLFVDQG&RPSRVLWHV±
6RSKLH'XTXHVQH )DELHQQH 6DP\Q 3LHUUH2XDJQH 6HUJH%RXUELJRW  )ODPH UHWDUGDQF\ DQGPHFKDQLFDO SURSHUWLHV RI IOD[ UHLQIRUFHG
ZRYHQIRUFRPSRVLWHDSSOLFDWLRQV -RXUQDORI,QGXVWULDO7H[WLOHV ±
=KHQ ;LX =KDQJ -LQ =KDQJ %LQJ;XH /X =KHQ ;LDQJ ;LQ &KDQJ .L.DQJ -LQ .XN .LP  (IIHFW RI IODPH UHWDUGDQWV RQPHFKDQLFDO
SURSHUWLHVIODPPDELOLW\DQGIRDPDELOLW\RI33ZRRG ± ILEHUFRPSRVLWHV &RPSRVLWHV3DUW%  ±
